Background: Many disinfectants have been used clinically in both single and combination applications, but there have been few studies on disinfective power according to sterilization sequence when using a combination of disinfectants. The purpose of this study was to evaluate the disinfective power of a combination of 70% isopropyl alcohol and 10% povidone-iodine (PVP-I) according to sterilization sequence. Methods: Two hundred healthy volunteers were recruited. Subjects were disinfected with a combination of 70% isopropyl alcohol and 10% PVP-I on both forearms, in varying sequence. The AP group included disinfections on the left forearm with isopropyl alcohol first followed by 10% PVP-I, while the PA group included disinfections on the right forearm with same disinfectants in reverse order. Skin cultures were obtained using cotton swabs 3 min after application of each disinfectant, and then were inoculated on blood agar plates for bacterial culture. Cultures were incubated at 37 o C under aerobic conditions for 48 hours. Results: There was no significant difference in the number of positive cultures after the 1 st disinfection (AP, 45; PA, 36, P = 0.262) or the 2 nd disinfection (AP, 6; PA, 13, P = 0.157), suggesting that there is no relationship between disinfective power and the sequence of the disinfectants used. The number of positive cultures significantly decreased after the 2 nd disinfection (P < 0.01), however.
Introduction
Surgical and procedural site infection is a common nosocomial infection, and the importance of infection control has been highlighted by increases in the length of hospital stays and associated medical costs [1] . The absence of appropriate disinfection prior to a medical procedure-such as a surgical procedure, local or regional anesthesia, or catheter insertion-may lead to complications (cerebral meningitis, sepsis, abscess, or necrosis) due to infection and can even lead to mortality. Therefore, appropriate skin preparation is necessary for the prevention of infections [2] [3] [4] . The ideal disinfectant should have a uniform and broad-spectrum antiseptic effect on bacteria, fungi, and viruses. The disinfectant should also dramatically reduce the number of microorganisms without being harsh on skin, and it should demonstrate an immediate, sustainable, and cumulative effect [2] [3] [4] [5] . Ethyl alcohol (ethanol), isopropyl alcohol (2-propanol), iodine tincture, and povidone-iodine (PVP-I) are generally safe and effective disinfectants [6] which can be used alone or in combination. There are many studies comparing the degree of disinfective power of a single agent to that of a combination of different agents, but few studies have explored the sequence of the disinfection procedure when disinfectants are used in combination.
This study aims to identify an effective disinfection sequence for skin preparation by comparing the effect of sterilization sequence on disinfective power when 70% isopropyl alcohol and 10% PVP-I are used in combination.
Materials and Methods
Two hundred healthy volunteers who were categorized into class 1 or 2 of the American Society of Anesthesiologists physical status classification were included as study subjects. The study plan was approved by the Institutional Review Board, and the aim and methods of this study were explained to the study subjects before informed consent was given. The exclusion criteria for the study subjects were as follows: those who had washed forearms within 1 hour prior to the disinfectant application, had been prescribed an antibiotic in the last week, had a latex or powder allergy, were allergic to a specific disinfectant or had a skin-related allergic condition, had a localized or systemic infection, or had a wound on the hands.
Seventy percent isopropyl alcohol and 10% PVP-I were used as disinfectants, and the left or right forearm was subjected to disinfectant application. Prior to disinfection, the subjects changed into operating gowns, and then both palms were positioned facing up while sitting on a chair. There was no specific manifestation when checking both the left and right forearms with the naked eye. The AP group had a first disinfection with 70% isopropyl alcohol and the second disinfection with 10% PVP-I on the left forearm. The PA group, composed of the same subjects as those in the AP group, had a first disinfection with 10% PVP-I and the second disinfection with 70% isopropyl alcohol on the right forearm.
The study period was from May to July 2012, and the disinfection and test specimen collection were conducted in a recovery room within the operating room. Each disinfectant was kept at room temperature, and cotton balls were used for application of disinfectants. For the disinfection procedure and collection of test specimens, a 3-step process was followed. The first disinfectant was painted repetitively 3 times on the forearm (wrist to elbow), and 3 minutes later the test specimen was collected with a sterile cotton bud on the disinfected area. Then, the second disinfectant was applied 3 times to the same area, and the second test specimen was collected after 3 minutes using the same methods. The disinfection and specimen collection were carried out by an anesthesiology and pain specialist with 2 years or more of experience. The investigator wore a sterile surgical mask, hat, and gloves and each subject wore a disposable sterile mask to prevent contamination during the disinfection or specimen collection. The subjects were instructed not to talk, cough, or move during the procedure.
The collected test specimens were inoculated on culture media (blood agar plate, Micromedia, Busan, Korea) in three different directions and incubated for 48 hours at 37 o C in aerobic conditions. Media with bacterial colonization, regardless of the size and number, were recorded as positive (+), and the absence of bacterial colonization was recorded as negative (-). To identify isolates, some of the inoculums were collected from a bacterial colony, wet smeared on a glass slide with Gram stain, and observed under a microscope (×400). Any specimen suspected of being contaminated during collection and incubation was excluded from the analysis. SPSS 18.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analyses of collected data. The positive rate after the first and second disinfections in each group was compared using the McNemar test, and the number of positive cultures between the two groups was compared using the chi-square or Fisher's exact test. Statistical significance was defined as a P value of less than 0.05.
Results
Eighty-eight males and 112 females were recruited as subjects, and the average age was 34.0 ± 10.5 years old. As the right and left forearm of the same subject were used in each respective group, other factors such as sex, age, height, and weight were not considered (Table 1) . Cases in which isolates appeared after the second disinfection but not the first disinfection, cases involving
incubation of isolates that were not normal flora, and cases in which isolates appeared outside the areas of inoculation in the plates were excluded from analysis due to suspected contamination; 8 and 6 such cases occurred in the AP group and PA group, respectively (Table 2) . Disinfective power was measured by the number of positive cultures after the disinfection. The number of positive media in the AP group (n = 192), which used 70% isopropyl alcohol as the first disinfectant, was 45 (23.4%). In the PA group (n = 194), which used 10% PVP-I, 36 (18.6%) cultures were positive. There was no statistically significant difference observed between the two groups (P = 0.262). The number of positive cultures collected after the second disinfection in the AP group and PA group were 6 (3.1%) and 13 (6.7%), respectively. No statistically significant difference was observed between the two groups (P = 0.157); however, both groups had significant reductions in positive media after the second disinfection compared with the result of the first disinfection (P < 0.01) ( Table 3) .
After the first disinfection, the number of positive cultures collected in the AP group and PA group were 45 (23.4%) and 36 (18.6%), respectively, and the isolates were as follows: coagulasenegative staphylococci, which occurs as a normal skin flora, was found in 34 cases and 21 cases in the AP and PA groups, respectively; in addition, there were 11 cases and 14 cases of Bacillus species, and 0 cases and 1 case of Acinebacter baumannii. After the second disinfection, the numbers of positive medium responses in the in AP group and PA group were 6 and 13, respectively, and the isolates were as follows: coagulase-negative staphylococci in 4 cases and 5 cases, respectively, as well as 2 cases and 8 cases of Bacillus species (Table 4) . There were no allergic responses observed after disinfection with 70% isopropyl alcohol. Some subjects experienced minor skin reactions with 10% PVP-I, including dry skin, pruritus, and skin flare, but these reactions disappeared after completion of the study and did not cause major discomfort.
Discussion
Infection by skin microflora can occur in the clinical practice of surgery or other procedures [7] . Disinfection is a pretreatment intended to minimize complications due to infection; although such complications are rare, disinfection is important for the prevention of infectious disease. To reduce the number of microorganisms, a thorough disinfection is needed not only of health professional's hands, but also of the surgical or procedural area. Various disinfectants are currently being used in clinical practice to prevent bacterial growth. Despite the large number of studies investigating the disinfective power of each disinfectant, the appropriateness of specific disinfectants in specific cases is not clear [8] . Values are expressed as mean ± SD or Number of volunteers. 
Values are number of cultured microorganisms. Contamination of blood agar plate means negative colonization after 1 st disinfection but positive colonization after 2 nd disinfection or positive colonization with non-normal flora in skin such as E.coli or positive colonization on noninnoculation area. AP group: disinfection with 70% isopropyl alcohol first then with 10% povidone-iodine, PA group: disinfection with 10% povidone-iodine first and then with 70% isopropyl alcohol. Values are number of positive cultured blood agar plate. There were no difference in positive colonization rate after 1 st and 2 nd disinfection between two groups. AP group: disinfection with 70% isopropyl alcohol first then with 10% povidone-iodine, PA group: disinfection with 10% povidone-iodine first and then with 70% isopropyl alcohol. Values are number of cultured microorganisms. AP group: disinfection with 70% isopropyl alcohol first then with 10% povidone-iodine, PA group: disinfection with 10% povidone-iodine first and then with 70% isopropyl alcohol.
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The ideal disinfectant should have rapid bactericidal activity, be able to inhibit bacterial growth, not be harmful to the patient, and not be harmful to intracellular components of the skin [2, 5] . Generally, the primary methods of skin preparation involve the use of one, two, or more disinfectants for a set amount of time until an adequate response is achieved.
Alcohol contains a single active agent, such as ethyl alcohol or isopropyl alcohol, and demonstrates the most rapid and most effective skin preparation [9] . It also has broad-spectrum antimicrobial activity, killing gram-positive bacteria, gram-negative bacteria, yeast, fungi, and some viruses [10, 11] . The mechanism of action for alcohol is dehydration and protein denaturation, and it disrupts the cell wall and cell membrane to release the intracellular components, eventually causing loss of cellular function [10] . Generally, 60-90% alcohol has disinfectant properties, but anhydrous alcohol cannot denature protein as it does not contain water; hence, it has reduced disinfecting activity [11] . Rapid onset is a characteristic of alcohol, but its effects are short and unsustainable, as it also has a rapid evaporation rate. In addition, it is less effective in the presence of substances on the skin, such as blood and soil, and it dries out the skin and causes severe pain when applied to an open wound compared with PVP-I, which can be used safely and comfortably on an open wound [12] . In this study, 23.4% (45/192) of positive responses were seen after disinfection with 70% isopropyl alcohol. This result is similar to previous studies' results of 12-49% [13, 14] . Therefore, when alcohol is used as a single agent for disinfection, a reasonable amount of bacteria should be presumed to remain active.
Iodine presents broad-spectrum antimicrobial activity against bacteria, viruses, and fungi, and it has a rapid and substantive disinfecting effect [15] . Iodine rapidly penetrates microorganisms and acts on nucleotides (DNA), fatty acids, and thiol groups. In other words, iodine inactivates protein synthesis as the thiol group becomes oxidized within cysteine, an amino acid [10] . Carrier molecules that slowly release iodine are used, as iodine irritates skin and is unstable in an aqueous or alcohol-based solution form [15] . Iodophor, which is commercially available for skin preparation and skin wounds in clinical practice, is the same as PVP-I or betadine. In PVP-I, polyvinylpyrrolidone polymer (or povidone) forms a complex with iodine [16] and acts as a reservoir for free iodine [17, 18] . Unlike alcohol, the disinfectant effect is sustained, but iodine is released from carrier molecules and several minutes are required for the maximal antimicrobial effect [15] . In this study, the test specimens were collected 3 minutes after application, as the manufacturer recommends allowing 3-5 minutes for drying and maximum effectiveness. Because alcohol has a fast evaporation rate, its disinfection effect is not sustained, plus there are no recommendations regarding drying. Therefore, for the convenience of the study, the test specimens were collected 3 minutes after application in accordance with PVP-I usage guidelines. The incubation time of collected specimens was related to inoculum size. A large inoculum requires incubation for 24 hours and the standard inoculum size requires 48 hours [19] ; hence, 48 hours was allowed for incubation in this study. The use of PVP-I requires thorough washing of blood or bodily fluids from the skin prior to application, otherwise the reaction of iodophors with blood, fat, and other proteins and minerals on the skin may reduce or neutralize the disinfection activity of the iodine-containing disinfectant [20, 21] . In this study, 19.5% (36/194) of positive responses were seen after a single disinfection with 10% PVP-I, while previous studies reported a rate of 10-35% of positive responses after disinfection with povidone [22, 23] . Therefore, as with alcohol, a reasonable number of microorganisms remained active after the use of PVP-I as a single agent. However, in this study, the combination of 70% isopropyl alcohol and 10% PVP-I resulted in an approximately 95% disinfection rate, a significant increase in the inhibition of microorganisms relative to that of a single agent. Thus, at least two disinfectants should be considered in cases involving a possible surgical or post-procedural infection.
The use of disinfectant solution with a combination of PVP-I and alcohol is known to have a relatively high rate of bacterial reduction compared to PVP-I as a single agent in pre-surgical disinfection [24, 25] . Art [6] reported that a combination of either ethyl alcohol or isopropyl alcohol with PVP-I would have a synergistic effect, as each active ingredient has different modes of action and varied performance characteristics. Therefore, these combined agents present more rapid and more broad-spectrum antimicrobial activity, as well as a more sustained disinfectant effect, than the use of ethyl or isopropyl alcohol alone. The combination of PVP-I and alcohol resulted in a very low bacterial incidence even in this study, which signifies a high disinfective power. The present study involved a short-term comparison of the effect of disinfectants, and based on evidence that the bactericidal effects of PVP-I continue until the disappearance of color [26] , disinfection with PVP-I after disinfection with isopropyl is considered favorable in cases that require sustained disinfection activity, such as for surgical wounds or catheter regions. The Infusion Nurses Society also recommended the use of combined disinfectants, with the sequence of first isopropyl and then PVP-I, for the disinfection of catheter regions [27] .
A recent study reported favorable results for DuraPrep (3M Health Care, St. Paul, MN, USA), a combination agent containing alcohol as a broad-spectrum antiseptic disinfectant and iodophor as a polymer complex [28] . In comparison to the use of two separate agents, the advantage of a combination product is timesaving, as it is rapid and simple, but it is inflammable due to the alcohol content and its use is limited in iodine-allergic patients.
A limitation of this study is that, apart from the antimicrobial effect of the active ingredient, the washing effect associated with the volume of the disinfectants used was not considered. If we had used a normal saline group as a control, then the washing effect could have been excluded from the results. In addition, 3.5% of cases were affected by contamination during test specimen collection and/or incubation; while this is similar to the contamination rates of 3-4% reported in previous studies [22, 29] , its effect on the results cannot be ruled out. Therefore, prevention of contamination during specimen collection and processing is considered important in increasing study reliability.
In conclusion, in healthy subjects, there was no disinfective power difference between the different sequences of 70% isopropyl alcohol and 10% PVP-I use (P = 0.157). However, the present study confirmed that the use of two different disinfectants for skin preparation is more effective in reducing bacterial growth than the use of a single agent, which has been reported in previous studies.
In this study, a second disinfection increased the disinfective power regardless of the disinfection sequence. Further research is warranted, however, to determine whether combination disinfection with different disinfectants has the same power as disinfection with the same disinfectant multiple times within a certain time interval.
